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We show that electron-phonon coupling can induce strong electron pairing in an FeSe monolayer
on a SrTiO3 substrate (experimental indications for superconducting Tc are between 65 and 109 K).
The role of the SrTiO3 substrate in increasing the coupling is two-fold. First, the interaction of
the FeSe and TiO2 terminated face of SrTiO3 prevents the FeSe monolayer from undergoing a
shear-type (orthorhombic, nematic) structural phase transition. Second, the substrate allows an
anti-ferromagnetic ground state of FeSe which opens electron-phonon coupling channels within the
monolayer that are prevented by symmetry in the non-magnetic phase. The spectral function for
the electron-phonon coupling (α2F ) in our calculations agrees well with inelastic tunneling data.
PACS numbers: 74.78.Na,74.20.Pq
Small variations of external perturbations can result
in the favoring of one of a range of competing struc-
tural, electronic, and magnetic ground states for FeSe.
In particular, the superconducting transition tempera-
ture in FeSe is reputed to vary from almost 0 K when
slightly Fe doped [1] to 65 K when placed in a monolayer
form on a SrTiO3 substrate [2–5], and transport mea-
surements from a recent work [6] indicate an even larger
Tc, close to 109 K. Although FeSe has a simpler struc-
ture to the other iron-based superconductors it resembles
components of their structure, and there is the possibility
that the mechanism responsible for high temperature su-
perconductivity in monolayer FeSe may extend to other
iron-based compounds.
Early calculations (Refs. [7, 8]) based on density func-
tional theory (DFT) estimated electron-phonon coupling
in the iron-based superconductors to be at least 5-6 times
too small to explain the transition temperatures found
experimentally. Therefore, a large part of the theoretical
and the experimental [9–11] work on iron-based super-
conductors in the literature focused on alternative elec-
tron pairing mechanisms such as those associated with
magnetic fluctuations. In this letter we suggest that
the early first-principle calculations may have underesti-
mated the electron-phonon coupling in FeSe, and we con-
clude that conventional electron-phonon coupling may be
strong enough to contribute significantly to the electron
pairing in an FeSe monolayer on SrTiO3 and perhaps
other iron-based superconductors.
We focus here on an FeSe monolayer on a TiO2 termi-
nated SrTiO3 substrate. We show that the interaction
between the substrate and the FeSe monolayer leads to a
high phonon-mediated superconducting Tc by providing
a structural template which holds FeSe near its structural
and magnetic phase transitions. When this structural
template is not present (as in bulk FeSe or a monolayer
of FeSe on a weakly interacting substrate) the system
condenses to a different ground state (orthorhombic and
non-magnetic) with a reduced electron-phonon coupling.
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FIG. 1. Electronic band structure near the M point (full
band structure is shown in the supplement [23]) of monolayer
FeSe on SrTiO3 in GGA (red), GGA+A with A = Ac (blue),
and experimental results. We fit the different experimental
data to a parabola (light [3], medium [4], and dark green [5]).
Among the many possible ground states of FeSe,
calculations based on a semi-local density approxima-
tion (GGA) to the DFT select a ground state inconsis-
tent with structural [12], electronic [13–16], and mag-
netic [12, 17] measurements. While the shortcomings
of standard GGA bands for transition metals (such as
Fe) can often be corrected by semi-empirically includ-
ing a Hubbard or a Hund interaction (as in the GGA+U
method, [18]), this is not the case for FeSe.[19] Higher
levels of theory, such as GW or DMFT in Refs. [20, 21],
can correctly reproduce most electronic properties of bulk
FeSe; however, calculation of the electron-phonon cou-
pling with these methods relies on a simplified defor-
mation potential approximation, as in Ref. [22] since
electron-phonon coupling matrix elements are difficult to
obtain.
Here we show that making the potential on the iron
atoms slightly more repulsive for electrons renormalizes
the bands near the Fermi level and selects a ground state
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2TABLE I. A comparison of the magnetic moment on the iron
atom (µ), shear angle α (measured between the primitive unit
cell vectors a and b), top of the Γ band (EΓ) and bottom of
the M band (occupied bandwidth, EM) relative to the Fermi
level, and the band splitting at the M point (δEM) in GGA,
GGA+A using A = Ac, and from experiments (Refs. [1, 3–
5, 17]). Parameter A is tuned to A = Ac so that occupied
bandwidth of the M-point electron pocket (EM) agrees with
experimental data. However, using A = Ac significantly im-
proves other properties of FeSe as well.
Bulk Monolayer on SrTiO3
µa αb µ EΓ EM δEM
(µB) (
◦) (µB) (eV) (eV) (eV)
GGA 2.4 90 2.6 0.66 0.19 0.02
GGA+A (Ac) 0 89.96 1.8 0.17 0.07 0.06
Experiment 0 89.7 c 0.08 0.06 0.05
a Using experimental crystal structure.
b Fully relaxed with the van der Waals correction from Ref. [24].
c Unknown.
of FeSe consistent with most experimental data. More
specifically, in this method (GGA+A), we empirically[25]
replace the potential VGGA(r) within the semi-local den-
sity approximation (GGA) with
VGGA(r) +A
∑
i
f(|r− ri|). (1)
The idea here is to mitigate empirically the fact that the
GGA exchange-correlation potential is not the self en-
ergy without the second term in Eq. 1. We find that the
detailed form of the dimensionless function f(r) > 0 is
irrelevant for the computed physical properties of FeSe,
as long as f(r) is peaked on the Fe atom (placed at ri)
and the extent of f(r) is comparable with the size of the
iron atom d-orbital. [26] Next, for a fixed f(r), we tune
the parameter A from 0 up to Ac (> 0) until [27] one of
the properties of FeSe (here, occupied bandwidth of the
M-point electron pocket) agrees with experimental data
(compare blue and green curves in Fig. 1). Remarkably,
using A = Ac improves other salient properties of FeSe
as well. For example, the gap (δEM in Table I) at the
bottom of the M pocket, and the energy of the Γ band
just below the Fermi level are improved in the GGA+A,
as well as the peak positions in the density of states at
4 and 6 eV below the Fermi level. [28] Magnetic proper-
ties are improved as well. Using the experimental crystal
structure from Ref. [29] in both cases, the GGA+A pre-
dicts bulk FeSe to be nonmagnetic as in experiment, while
GGA predicts large antiferromagnetically aligned mag-
netic moments µ on the iron atoms (favored by 0.5 eV
per two Fe atoms over the non-magnetic ground state).
Finally, the crystal structure is improved in the GGA+A
case. A slight shear present in the experimental structure
as in Ref. [1] (α < 90◦) remains in the GGA+A approach
(a) Bulk (b) Monolayer (c) Mono. on SrTiO3
FIG. 2. Exaggerated structural distortions in FeSe bulk,
an epitaxially constrained monolayer, and a monolayer on
SrTiO3. Small circles are Fe atoms and large circles are Se
atoms. Primitive unit cell is shown with a dashed gray line.
after the structural relaxation, while it disappears in the
GGA calculations (α = 90◦).
In these and subsequent calculations we fixed the dop-
ing of FeSe monolayer to the level of 0.09 electrons per
one Fe atom (as found in ARPES experiments). In the
experiment, this doping likely occurs due to presence of
oxygen vacancies in the SrTiO3 substrate.
Our focus here is on the electron-phonon coupling and
superconductivity in monolayer FeSe. The underlying
origin of the success of the GGA+A is an interesting
open question and is left for future studies. We only note
here two points in favor of GGA+A. First, portion of
the electron self-energy Σ(r, r′, E) that is missing in the
semi-local density approximation is typically large only
when |r−r′| is comparable to the bond length,[30] just as
for the case of the form of f(r). Second, agreement be-
tween GGA+A and experiment is improved not only in
monolayer FeSe studied here, but also in bulk KCuF3,
LaNiO3, (La,Sr)2CuO4, SrTiO3 (see supplement[23]),
and (Ba,K)Fe2As2.[31]
Equipped with a better FeSe band structure and
ground state than obtained from a standard GGA cal-
culation, we are now in a position to compute the
electron-phonon coupling strength in the FeSe mono-
layer. First we discuss the crystal structure of FeSe
used in the electron-phonon calculation. Bulk FeSe
consists of stacked, weakly interacting, layers of FeSe.
Below 90 K these layers are observed to be slightly
sheared as shown in Fig. 2a and discussed in Ref. [1]
(shear is also present in GGA+A calculation, but not
in GGA). This shear (nematic) distortion is convention-
ally described as primitive-tetragonal to base-centered-
orthorhombic structural phase transition.
Since the FeSe layers in bulk are only weakly interact-
ing, we expect that the tendency towards a shear dis-
tortion will be present even in an isolated single layer of
FeSe. This is indeed what we find in the case of mono-
layer FeSe. Even if we epitaxially constrain the isolated
monolayer FeSe unit cell to a cubic SrTiO3 lattice, it still
undergoes a local shear-like structural transition shown
in Fig. 2b (again, only in GGA+A, not in GGA).
3However, once FeSe is placed on a TiO2 terminated
SrTiO3 substrate, we find that the interaction of Ti and
Se atoms together with the epitaxial strain is able to sta-
bilize FeSe to a nearly square arrangement (see Fig. 2c
and supplement[23]). A small remnant of the structural
distortion present in FeSe is responsible for the electronic
gap (δEM) at the M point shown in Fig. 1 and in Table I.
(An additional smaller component of the gap results from
a built-in electric field between FeSe and SrTiO3, as dis-
cussed in Ref. [19].) In addition, in the FeSe monolayer
on SrTiO3, an antiferromagnetic checkerboard ground
state is preferred by 0.11 eV (per unit cell with two Fe
atoms) within GGA+A over the non-magnetic one, de-
spite the fact that the opposite is the case for bulk FeSe.
The main effect of the SrTiO3 on the FeSe is the struc-
tural stabilization described above of a non-sheared and
antiferromagnetic ground state. Selection of this ground
state then affects the electronic and magnetic properties
of FeSe, but only indirectly through the fact that FeSe is
in this particular state. The direct effect of the SrTiO3
on the electronic structure of an FeSe monolayer near
the Fermi level is negligible. For example, relaxing the
structure of FeSe on SrTiO3 and then removing SrTiO3
atoms from the calculation does not affect the electronic
structure near the Fermi level (see Fig. 1 in the supple-
ment [23]). Therefore to speed up the calculation of the
electron-phonon coupling, we perform calculations on an
isolated FeSe layer, without explicitly including SrTiO3.
To avoid the shear instability in the FeSe monolayer from
removing of SrTiO3, we reduce the value of parameter A
in Eq. 1 from Ac to 0.9Ac and confirm that the electron-
phonon matrix elements are not affected by this simpli-
fication by carrying out full calculation (see Table. 1 in
the supplement[23]).
We use state-of-the-art Wannier interpolation tech-
nique from Ref. [32] and the Quantum-Espresso package
described in Ref. [33] to calculate the electron-phonon
coupling in the FeSe monolayer with a very fine grid in
the Brillouin zone (40× 40). We obtained the supercon-
ducting transition temperature Tc by solving the Eliash-
berg equation [34, 35] as described in Ref. [36]. Fig-
ure 3 shows the calculated Eliashberg spectral function
α2F (ω) of the FeSe monolayer. We focus our analysis
on two groups of phonons for which the electron-phonon
coupling is the largest. The first group of phonons (la-
beled 1 in Fig. 3) corresponds to phonons with frequency
close to 10 meV, and the second group (labeled 2) to
phonons with 20 meV (in GGA those frequencies are 15
and 25 meV, respectively).
While phonons 1 contribute to about two-thirds of
the total electron-phonon coupling strength λ, they con-
tribute to about half of the integrated α2F (ω) spectral
function (since they have a lower frequency).
The atomic displacement character of the two groups
of phonons is different. Phonons 1 correspond to a branch
of phonons that involve transverse, mostly in-plane dis-
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FIG. 3. Electron-phonon coupling α2F (ω) and phonon den-
sity of states F (ω) (in meV−1) in GGA and GGA+A (using
A = 0.9Ac).
TABLE II. Electron-phonon coupling (λ), density of states
(DOS), and average phonon frequencies in GGA and conser-
vative estimates in GGA+A.
λ DOS
√〈ω2〉
(eV−1) (K)
GGA 0.3 1.0 252
GGA+A 1.6 1.8 171
placements of atoms (these phonons cause bulk FeSe to
undergo a shear phase transition), while phonons 2 cor-
respond to an out-of-plane transverse displacement of Fe
atoms. Furthermore, phonons 1 and 2 couple different
parts of the electron Fermi surface at M. Phonons 1 cou-
ple mostly at parts of the reciprocal space where the
Fermi surface (electron M pocket) crosses the M–Γ line
and the least where it crosses the M–X line. The opposite
is true for phonons 2. However, since both phonons con-
tribute about equally to α2F the total electron-phonon
coupling (1 and 2 taken together) is nearly constant on
the entire M pocket Fermi surface.
Hence the importance of the SrTiO3 substrate for
increasing the superconducting transition temperature
within the phonon mechanism in FeSe is two-fold. First,
it prevents phonons 1 from becoming unstable and induce
a structural phase transition (as in bulk FeSe). Second,
SrTiO3 keeps FeSe in the checkerboard magnetic phase
which allows coupling of phonons from groups 1 and 2. In
the non-magnetic case, the coupling of these phonons is
zero by symmetry.[37] Calculations in Refs. [38, 39] also
found a significantly smaller electron-phonon coupling in
the non-magnetic phase than in the magnetic phase. We
also note that at this time, there is no direct experimen-
tal measurement of magnetic order in FeSe monolayer on
4SrTiO3. However, the measured ARPES band structure
is most closely resembled to that of the band structure of
FeSe with an antiferromagnetic checkerboard order, both
in our GGA+A calculation and in previous work.[19, 40]
Nevertheless, it is possible that the true ground state of
FeSe monolayer consists of fluctuating antiferromagnetic
moments on iron atoms. Treatment of electron-phonon
coupling in such a state from first-principles goes well
beyond the scope of this work.
Comparing α2F (ω) in GGA and GGA+A (Fig. 3), we
find two reasons for an increased coupling in GGA+A.
First, preference for a shear distortion in GGA+A in-
creases the electron-phonon matrix elements of phonons
1 (see Fig. 3 in the supplement [23]). Second, the bottom
of the electron M pocket EM is closer to the Fermi level in
GGA+A than in the GGA. Therefore, owing to this band
renormalization (narrowing of the occupied bandwidth),
the density of states at the Fermi level in GGA+A is
larger than in GGA (see Table II here and Fig. 3 in the
supplement [23]). Since λ is proportional to the density
of states, it is therefore increased in GGA+A.
However, as discussed earlier, we calculated the
electron-phonon coupling λ within GGA+A with a re-
duced value of parameter A from Eq. 1. Taking into
account calculated density of states (1.5 eV−1) with
A = 0.9Ac and A = Ac (1.8 eV
−1) we conservatively
estimate that the value of λ at A = Ac is λ = 1.6. Next
we use the Eliashberg theory and obtain a conservative
estimate of the superconducting transition temperature
Tc of 26 K (with µ
∗ = 0.0) and 21 K (with µ∗ = 0.1).
This estimate is significantly closer to experiment than a
standard GGA result (0.1–1.5 K).
This range of estimated transition temperatures (21–
26 K) is close to the value found across the families of
bulk iron-based superconductors. Now we discuss possi-
ble reasons for an even larger Tc in the case of an FeSe
monolayer on SrTiO3 (65–109 K).
When λ is large, transition temperature is proportional
to [41]
Tc ∼ ωλ0.5. (2)
Here ω is the averaged phonon frequency and λ is
the Brillouin zone averaged electron-phonon coupling
strength. Therefore one possibility to get larger Tc is
to further increase λ. It is at least plausible that this
could happen for phonons 1, since their contribution to
λ is increased when FeSe is approaching the shear-like
structural phase transition.
The second possibility is to increase the average fre-
quency ω by pairing electrons with high frequency modes
(phonons or some other bosons) in addition to phonons 1
and 2. One possibility are magnetic fluctuations [8]. The
role of magnetism for superconductivity in FeSe is ad-
ditionally enriched by the fact that, in the nonmagnetic
phase, certain electron-phonon interaction channels are
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FIG. 4. The density of states within the Eliashberg theory
calculated using GGA+A and the STM measurement from
Ref. [42]. The energy is measured relative to the supercon-
ducting gap ∆.
forbidden by symmetry. In addition, structural and mag-
netic order parameters are strongly coupled in FeSe. For
example, bulk orthorhombic FeSe prefers a non-magnetic
state, while a cubic FeSe monolayer on SrTiO3 prefers an
antiferromagnetic state.
Another tempting possibility suggested in Ref. [3] is to
pair FeSe electrons to a high-frequency (80 meV) phonon
in the SrTiO3 substrate. This coupling was experimen-
tally determined to be large near the origin of the phonon
Brillouin zone (q ∼ 0). Adding experimentally estimated
values of the electron-phonon coupling from Ref. [3] to
our calculated α2F (ω) increases the estimated super-
conducting transition temperature to 47 K (assuming
µ∗ = 0.1), even closer to the experimentally determined
value (65–109 K).
In closing, we note that the experimentally inferred
superconducting Tc is nearly the same for an FeSe mono-
layer on TiO2 terminated SrTiO3 [2, 6], BaTiO3 [43],
as well as 2% strained SrTiO3 [44]. This observation
is consistent with our structural stabilization mechanism
since in all three cases interaction between Ti atoms in
the TiO2 layer and Se atoms in FeSe is likely the same.
However, when a FeSe monolayer is placed on a sub-
strate with a different bonding environment, such as SiC
in Ref. [45–47] the superconducting Tc is only 2–9 K.
Another indication for the importance of structural sta-
bilization comes from Ref. [1]. This study found that bulk
FeSe doped with only 2% of iron stays tetragonal (non-
sheared) even well below 90 K. This loss of preference
for shear is accompanied with loss of superconductivity
(Tc < 0.5 K), again consistent with our finding that keep-
ing FeSe close to a shear (orthorhombic, nematic) struc-
tural phase transition increases the electron-phonon cou-
pling strength. Another indication of contribution from
electron-phonon mechanism is described in Ref. [48] on
iron isotope effect measurement.
5Finally, our calculation is consistent with the inelas-
tic scanning tunneling microscope (STM) measurements
from Ref. [42] in two respects. First, the superconduct-
ing gap in the STM measurements (as well as in ARPES
in Refs. [4, 44]) is node-less, just as is our calculated
electron-phonon coupling being nearly constant around
the M pocket. Second, both our calculation and the STM
measurements find two peaks in the density of states
above the superconducting gap ∆ (see Fig. 4). One of
these peaks is at 10 meV and another at 20 meV above
the gap. As shown in Ref. [49], features in the tunnel-
ing spectrum above the gap can be associated with α2F .
Therefore, we tentatively assign the two peaks found in
the STM measurements to the strongly electron-phonon
coupled modes 1 and 2 discussed earlier in the text.
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Technical details. For the semi-core iron pseudopotential used we obtain Acf(r) = (5.7 Ry)e
−r2/(0.85 bohr)2 . Near
the center of the atom, the depth of this potential is only 6% of the local part of the pseudopotential. Throughout
this work, we use GGA-PBE functionals with norm-conserving pseudopotentials that include semi-core electrons on
Fe and Ti. We use a 180 Ry energy cutoff, 8x8x1 sampling of the electron Brillouin zone, and 4x4x1 sampling of
the phonon Brillouin zone which we Wannier interpolate on a 40x40x1 grid. All conventions in the paper and the
supplement are for the primitive unit cell with two Fe atoms per cell. Electron doping in our calculations equals
0.09 electrons per one Fe atom (as found in ARPES experiment).
Additional figures and one table can be found on the following pages.
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FIG. 1. Electronic band structure of FeSe monolayer on a path in momentum space calculated in GGA (red) and GGA+A
(blue). Conventions are for the primitive unit cell with two Fe atoms per cell. Top two panels show the band structure of FeSe
monolayer on a SrTiO3 slab after a full structural relaxation. Bottom panels show the band structure when SrTiO3 atoms are
removed from the calculation while the FeSe monolayer atoms are kept at the same positions as in the full calculation. Thin
lines in the topmost panels correspond to the electronic bands localized on the SrTiO3 slab. Thick lines are states localized on
FeSe. Green squares indicate region of the band structure plot that is shown in Fig. 1 in the main text. Computational unit
cell used in our calculation consists of a SrTiO3 slab covered with FeSe monolayer on each end, so that both ends of SrTiO3
are passivated in the same manner. Hybridization between these two monolayers of FeSe causes small splitting seen on the
M-X line at 0.2 eV below the Fermi level in the top-left panel, and at the bottom of the M pocket in the top right panel. This
hybridization splitting disappears in the lower panels because in that case computational cell contains only one FeSe monolayer.
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FIG. 2. The d-character of the electron wavefunction in the FeSe monolayer. Line segments colored red corresponds to the
dz2 states, green to the dzx and dzy, and blue to dxy and dx2−y2 states. Everything in the figure except for the coloring scheme
is the same as in the lower right panel of Fig. 1 in the supplement.
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FIG. 3. Dependence of nine properties of an isolated FeSe monolayer on the value of parameter A in the GGA+A approach:
bottom of the M pocket (occupied bandwidth, EM), top of the Γ pocket (EΓ), magnetic moment on the iron atom, frequency
of phonons (ω) with dominant electron-phonon coupling (modes 1 and 2 discussed in the main text), total electron-phonon
coupling strength λ, electron phonon matrix element squared (g2) for dominant modes 1 and 2, and density of states at the
Fermi level. Dashed blue line shows A = Ac case discussed in the main text. Regular GGA result (without A) corresponds to
A = 0. Here the SrTiO3 substrate was not explicitly included in the calculation. Instead, the FeSe monolayer was structurally
relaxed with the in-plane lattice constant equal to that of SrTiO3. Phonon eigendisplacements of modes 1 and 2 are taken from
A = 0.9Ac calculation and then used for all values of A for consistency.
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FIG. 4. Contribution to lambda in the case of an isolated FeSe monolayer. We show contributions of density of state (DOS)
increase, electron-phonon matrix element squared (g2) increase, and phonon frequency softening (ω−1) to the increase in λ as
a function of parameter A. Critical behavior of λ at Ac originates from phonon softening at A = Ac since these calculations do
not include SrTiO3 substrate. As we show in Table. I and Fig. 5, critical behavior is removed once substrate is included in the
calculation. Here we used calculated contribution of phonons 1 and 2 to λ at 0.9Ac and isolated dependence of λ on DOS, g
2,
and ω−1 using the following simplified expression for λ ∼ DOS× g2 × ω−1.
9TABLE I. Electron-phonon matrix elements (g2 in atomic units) and phonon frequencies (in meV) of the dominating phonon
modes (modes 1 and 2, see main text) at A = 0.9Ac calculation without a substrate, and A = Ac with a substrate. For
computational convenience, we first calculate phonon eigendisplacements with A = 0.9Ac and no substrate, and then use those
same eigenvectors in the A = Ac calculation explicitly including the SrTiO3 substrate.
Dominant phonon 1 Dominant phonon 2
g2 ω g2 ω
(au) (meV) (au) (meV)
Isolated FeSe with A = 0.9Ac 0.012 10 0.020 18
FeSe on SrTiO3 substrate with A = Ac 0.010 7 0.019 17
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FIG. 5. Total energy per unit cell (Fe2Se2 formula unit) as a function of shearing-like distortion for isolated FeSe with
A = 0.9Ac and A = Ac, as well as FeSe on SrTiO3 with A = Ac. Presence of SrTiO3 stabilizes the shearing-like distortion
present in the isolated FeSe monolayer at Ac. Only a small amount of shearing distortion is present in the fully relaxed ground
state of FeSe on SrTiO3 (corresponding to ±1 on the horizontal scale). This distortion is responsible for a gap (δEM) at the
M point shown in Fig. 1 of the main text. If shearing distortion is artificially increased beyond ±4 (dashed lines), the gap
δEM increases and the system undergoes a metal-insulator transition in all three cases. Therefore, the energy landscape for a
shearing distortion in FeSe monolayer is driven by a gap opening of a small-area electron pocket at the M point.
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FIG. 6. Total energy of paramagnetic KCuF3 (per one formula unit) as a function of fluorine quadrupolar distortion within
GGA (red) and GGA+A (blue). Ground state within GGA shows no preference for this distortion unlike GGA+A (horizontal
scale is chosen so that ±1 corresponds to the experimental value of the distortion magnitude). Similar preference for fluorine
quadrupolar distortion was found by including Hubbard +U and +J term in Ref. [1].
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FIG. 7. Band structure of LaNiO3 along the (0.5pi, ky, 0.7pi) line shows a large mass renormalization once +A term is included
(blue versus red curve). This is consistent with the experimental finding from Ref. [2] (ARPES data in Ref. [2] is shown along
the same path in the momentum space).
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FIG. 8. Fermi surface of optimally doped La1.85Sr0.15CuO4 shows different topology in GGA (red) and GGA+A (blue), with
the latter consistent with experimental findings in Ref. [3].
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FIG. 9. Band structure of SrTiO3 within GGA (red) and GGA+A (blue). Direct and indirect band gaps in GGA (2.3 and
1.9 eV) are increased once the +A term is included (3.0 and 2.6 eV) in better agreement with the experimental data from
Ref. [4].
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